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Abstract 
A flow sensor is being developed at IMTEK to simultaneously measure gas flow and its thermal properties. In this 
contribution, we show that at high frequency the amplitude and phase shift of the temperature oscillations remain 
constant for an air flow speed ranged from 0 to 3 m/s. Since amplitude and phase shift strongly depend on the gas 
properties, and flow can be extracted from the DC component of the temperature, then it is in principle possible to 
measure both simultaneously. 
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In addition to their physical and conceptual simplicity, calorimetric flow sensors can show a low 
power consumption in the order of milliwatts [1, 2]. However, the readout of thermal flow sensors heavily 
depends on the physical properties of the medium. Many techniques have been investigated in order to 
overcome this. In particular, AC-driven sensors are proven to be able to determine the physical properties 
of the fluid when the flow conditions are known [3, 4]. 
The sensor consists of a SiO2-SiNx, circular membrane where five germanium thermistors and one 
heater are placed. One of the thermistors lies at the center of the membrane while the other are distributed 
concentrically around it. A circular chromium heater encloses the central thermistor, as shown in Fig. 1. 
The dimensions of the thermistors are 105 × 105 μm. 
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Fig. 1. Close-up view of the membrane of the sensor. Thermistors are labelled in reference to the flow direction: Central (CT), 
upstream (UT), downstream (DT) and side (ST1, ST2) thermistors. 
Measurements are performed using air at room conditions in a mini wind tunnel (manufactured by 
Testo), where the air moves at flow rates from zero to 5 m/s. The heater is fed with a sinusoidal voltage 
signal in such way that the resulting heat power signal has a fixed frequency of 200 Hz and a mean value 
of 0.5 mW. Low power produces average over-temperatures smaller than 10 K, thus avoiding changing 
the thermal properties of the air. Amplitude and phase shift with respect to the second harmonic of the 
excitation voltage are measured with a lock-in amplifier implemented in LabView. Laminar flow is 
assumed to develop over the surface of the sensor. The velocity is kept below 6 m/s to guarantee this 
condition. 
 
 
 
Fig. 2. Amplitude of the temperature oscillations vs. the flow speed as measured by the germanium thermistors: (a) Central 
thermistor, (b) surrounding thermistors. 
Measurements show the expected low-pass behavior. Typically, the corner frequency of the sensor in 
air is found to lie around 30 Hz. Therefore, at 200 Hz the amplitude of the temperature oscillations over 
the whole sensor’s surface is quite reduced from low frequency values [5]. Although the average heat 
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transfer (DC component) remains the same, the AC component of the heat diffusion into the bulk of the 
fluid flowing over the sensor’s surface is greatly diminished. In consequence, the oscillatory heat transfer 
between the heater and the thermistors is restricted to the membrane and a narrow region of fluid closer to 
the membrane’s surface. 
The flow velocity in this narrow region is always close to zero under laminar flow conditions. 
Therefore, the flow speed has to be large in order to affect the high frequency heat transfer between the 
heater and the thermistors. Thus, the amplitude and phase of the temperature oscillations are expected to 
be independent of the flow condition for a wide flow speed range. This is confirmed experimentally, as 
shown in Fig. 2. The amplitude of the oscillations for the central thermistor remains almost unchanged for 
the studied flow speed range: it varies only 1% between 0 and 5.2 m/s (see Fig. 2a). In addition, the 
amplitude of such oscillations is about 2.3 K, which is large enough to ensure a low error in the 
measurement. On the other hand, for the same flow range, the amplitude of the temperature oscillations 
measured by the surrounding thermistors (DT, UT, ST1) show a larger variation (see Fig. 2b). 
Figure 2 suggests that the forced convection does not have a significant influence on the central 
thermistor. This is made possible by the small separation between the heater and the central thermistor, 
which is about 13.7 μm, in contrast, the separation between the heater and the surrounding thermistors is 
103.5 μm. This small separation limits the oscillatory heater-to-thermistor heat transfer primarily to the 
membrane, and a thin layer of fluid just above the membrane, where the average flow speed is close to 
zero regardless the magnitude of the fluid’s bulk velocity. This is especially valid for low velocities. For 
much larger velocities the fluid is able drain most of the heat out of the heater without transferring back to 
any thermistor; however, for the central thermistor, this seems to happen for velocities greater than 
5.2 m/s since Fig. 2a shows no turning point. Another reason why the amplitude of the temperature 
oscillations at the central thermistor remains constant is that it is completely surrounded by the heater. 
Under flow, the downstream half of the central thermistor gets cooler while the upstream half gets 
warmer, thus helping to keep constant the overall oscillatory temperature of the central thermistor. 
 
 
 
Fig. 3. Phase shift between the temperature measured by the thermistors and the excitation power signal vs. the flow speed. (a) 
Central thermistor; (b) surrounding thermistors. 
Figure 3 presents the phase shift measured by each thermistor with respect to the input power signal, 
i.e., the square of the input voltage. Again, the phase shift for the central thermistor shows a small 
variation: 1.2% over the analyzed range (see Fig. 3a). For all other thermistors, the phase change is 3.2% 
for the same flow range, as shown in Fig. 3b. Nevertheless, for flow speeds under 2 m/s, the phases for 
the surrounding thermistors show a plateau, thus implying that the forced convection does not affect the 
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propagation of the thermal waves at larger frequencies for low velocities. 
 
 
 
Fig. 4. Difference between the average temperatures measured by the downstream and the upstream thermistors vs. the flow speed. 
Although our measurements are only made for air at room temperature, results in Figs.2 and 3 suggest 
that the amplitude and phase measured by the central temperature are also rather independent of the flow 
speed for other common gases. Now assuming that these magnitudes depend on the physical properties of 
the gases [4], then it possible to identify the flowing media regardless the flow speed based on the 
amplitude and phase measured by the central thermistor. 
At high frequencies, the DC component of the temperature still enables the sensor to fulfill its ultimate 
goal: flow measuring. Figure 4 shows the difference between the average temperature downstream and 
upstream. For the analyzed range, an average sensitivity of 0.197 K/(m/s) at 0.5 mW is obtained. 
Measurements of different gases are ongoing to find the exact correlation between amplitude, phase and 
thermal properties of the gas. 
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